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Abstract 

En a recent paper, Chbudhury Phys, Rev. 

obtains an additional term proportional to CT in 

r e s u l t  for the pressurst s h i f t  of high-serie 

lines, We show khat  the t e r m  is due to an inco 

stahding of the electron-neutral 

C 
inations i n  t h e  second orde 

employed. A consistent  reduction sp the ~~~~~~~~~ 

a similar equatien considered earlier by NitC3.e; 

gate the Fevmi s h i f t ,  From the formula derived WB 

stirnates on the scat ter ing  leng 8 A8 fbj; Be, 
b 

EJe ana A. 
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I. In t roduct ion  

a 

T h i s  paper .,as a r i s e n  ou t  of  a ' c r i t x a l  examinaticrn of 
1r2,5 

the  p resen t  s t a t u s  of Fermi S h i f t  i n  l i t e r a t u r e .  . me 

phenomenon of the  s h i f t  of high members of t h e  p r i n c i p a l  series 

of  a l k a l i  atoms i n  t h e  presence of fo re ign  gases under p re s su re  

has received continued a t t e n t i o n  s i n c e  the  e a r l y  n ine teen  thirties. 

A p a r t  of t h e  s h i f t  is  a t t r i b u t e d  t o  t h e  p o l a r i z a t i o n  of t h e  

medium ( fore ign  gases) due t o  t h e  separa ted  valence e l e c t r o n  

i n  a high quantum number o r b i t  and t h e  a l k a l i  i on  and c 

understood i n  a simple fashion. There i s  another  p a r t  of the 

s h i f t  which i s  due t o  t h e  c o l l i s i o n  of a very low energy e l e c t r o n  

wi th  t h e  fo re ign  atoms. 

approximately propor t iona l  t o  the  d e n s i t y  of t h e  fo re ign  atoms 

This part  of t h e  s h i f t  t u r n s  o u t  t o  be 
L 

and the s c a t t e r i n g  length ,  suppor t ing  the  experimental  Qbservm- 

t i o n s .  I n v e r s a l l y  t h e  experimental  r e s u l t s  can be use4 to e s t b -  

mate the denlsifiy of t h e  fo re ign  atoms o r  a l t e r n a t e l y  t h e  e l e c t r o n  

s c a t t e r i n g  cross s e c t i o n s  of fo re ign  atoms. Fermi's t reatment  

relates t h e  s c a t t e r i n g  l eng th  and subsequently t h e  s c a t t e r i n g  

cross s e c t i o n  a t  exac t ly  zero energy of t h e  e l e c t r o n ,  But  as n 

the p r i n c i p a l  quantum number of t h e  valence e l e c t r o n  v a r i e s  betwe 

20 and 3 0 ,  t h e  k i n e t i c  energy of t h e  hydrogenic e l e c t r o n  varies 

between 0.034 and 0.015 e . v o l t s .  Consequently some authors  have 

t r ied t o  r e l a t e  t h e  experimentally observed s h i f t s  t o  the efn 

dependent c r o s s  sec t ions .  

., .,I -- ii,. . . 



Our a t t e n t i o n  t o  this problem has been. drawn t h r o  the 
1 work of Choudhury, H e  de f ines  the problem through a complete 

Hamiltonian w r i t t e n  f o r  one a lka l i  atom and Ea s p h e r i c a l l y  

symmetric fo re ign  atoms, and at tempts  t o  treat the v&rious i n t e r -  

a c t i o n s  i n  pe r tu rba t ion  theory.  Due t o  a lack of understanding 

of t h e  e l ec t ron -neu t r a l  atom s c a t t e r i n g  and some erroneous 

approximations i n  t h e  second o rde r  pe r tu rba t ion  

he ob ta ins  an a d d i t i o n a l  t e r m  propor t iona l  t o  the scattering 

cross s e c t i o n  CT i n  h i s  r e s u l t ,  I n  Sec. XI, s t a r t i n g  wi th  

~ Q W  fosntula, 

h i s  Hamiltonian and going through proper  approximations we  

de r ive  t h e  r e s u l t  of Eq. (2.17-1 , which happens t o  be similar 

to  an equat ion considered by Mittleman' i n  h r e i n v e s t f g a t i o n  

of t h e  phenomenon of Fermi. s h i f t ,  Our Eq. (2.17) is s u p e r i o r  

i n  i t s  explicit d e r i v a t i o n  of t h e  valence e l ec t ron -neu t r a l  

fo re ign  atom i n t e r a c t i o n  poten l t ia l .  I n  Sec. I11 we apply t h e  

Fe rmi ' s  averaging process ,  as developed by Mittlemar,' t o  this 

equat ion and de r ive  t h e  formula f o r  t he  shift. I n  Sec. IV this 

formula is used t o  p r e d i c t  zero energy s c a t t e r i n g  lengths  employ- 

i n g  better known values  of d ipo le  p o l a r i z a b i l i t i e s ,  but us ing  

earlier experiment k r e s u l t s  on Fermi s h i f t .  Our r e s u l t s  are 

similar t o  O'Malley's c a l c u l a t i o n s ,  but improved i n  p e r t i n e n t  
7 
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11. Alka l i  - Foreign Atoms Schrsdinger Equation. 

I Following Choudhury w e  w r i t e  +he Schrcdinger Equation €or 

a system of one a l k a l i  atom and N foreign atoms (hence f o r t h  

called F . A . ’ s )  as 

where Hv i s  t h e  Hamiltonian of the  valence e l e c t r o n ,  €3, t h a t  of  

t h e  a lkal i  core and H F ( m )  of t h e  rnth F.A. T(nr) i s  the k i n e t i c  

energy ope ra to r  of t h e  m t h  F . A . ,  HIv(m) and HIC (m) r ep resen t  the 

i n t e r a c t i o n  energy of t h e  rnth F . A .  w i t h  t h e  valence e l e c t r o n  and 

the a l k a l i  core re spec t ive ly .  Except for c e r t a i n  simplifications 

introduced t o  ease t h e  a l g e b r a i c  manipulations , w e  have retained 

t h e  coord ina te s  and no ta t ions  def ined i n  I. Taking account of 

only t h e  Coulomb i n t e r a c t i o n  between t h e  charges,  the i n t e r a c t i o n  

energy HIC(m) happens t o  be - 

-& -+ 

where R -  i s  t h e  i n t e r n u c l e a r  vec to r  t o  t h e  mth F , A . ,  xi are t h e  m 
.-b 

p o s i t i o n  vec to r s  of t h e  e l e c t r o n s  i n  t h e  Alka l i  atom and p a  are 

t h e  p o s i t i o n  vec to r s  of t h e  e l e c t r o n s  i n  t h e  fo re ign  atom, 



.. 5 

I n  t h i s  problem it i s  assumed t h a t  t h e  charge clouds of t h e  

A l k a l i  and t h e  F.A. do no t  ove r l ap  and t h u s ' a  Taylor expansion 

about Rm can be made. Retaining terms only  -3 upto order R w e  get  

L 

where s u b s c r i p t  o r  s u p e r s c r i p t  m has  been dropped and 6efiniCion 

ri = (Xil '  5 2 '  X i 3 ) ,  P a  = ( P I 1 l ,  P g 2 ,  P g 3  1 and R = (XI, X2# X3) 

int roduced.  W e  have redone t h i s  expansion t o  b r i n g  out t h e  third 

1 

3 -t 3. 

t e r m  i n  Eq. (2.3) for t h e  sake of  record as r e f e r e n c e  I 

missed it i n  h l s  Eq. I 1 2 . 6 ) .  I t  so happens t h a t  on ly  t h e  f i r s t  

t e r m  of order Rm2 g ives  any s i g n i f i c a n t  c o n t r i b u t i o n  t o  the energy 

s h i f t  of t h e  high members of t h e  A l k a l i  s p e c t r a  i n  t h e  presence 

of  s p h e r i c a l l y  symmetric F . A . ' s .  Another reason for c o r r e c t l y  

w r i t i n g  down t h e  expansion i-s i n  t h e  b e l i e f  t h a t  term of order 

(R'3) are important i n  t h e  explana t ion  of r ed  and v i o l e t  sa te l l i te  

rved i n  t h e  v i c i n i t y  of low members of t h e  A l k a l i  spectra 

under similar cond i t ions .  W e  are hoping t o  elaborate on t h i s  

p o i n t  i n  a subsequent paper. 
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I n  Eq.(2.1) it has been poss ib l e  t o  d iv ide  t h e  i n t e r a c t i o n  

of t h e  A l k a l i  atom w i t h  t h e  F.A.'s i n  t w o  p a r t s  i n  t r e a t i n g  only 

t h e  very high quantum number o r b i t s  f o r  t h e  e l e c t r o n .  Assuming 

t h a t  t he  charge clouds of t h e  Alka l i  atom core and t h e  F.A.*s 

do n o t  over lap ,  one can use t h e  expansion of Eq.(2.3) and t reat  

t h e  t e r m  C HIC (m) as a pe r tu rba t ion  on t h e  zeroth o r d e r  

H a m i  1 t o n i  an 
m 

i n  Eq. ( 2 . 1 ) .  For  l o w  d e n s i t i e s  and s p h e r i c a l l y  symmetric F.A. 's, 

t h e  f i r s t  t e r m  i n  Eq. (2.3) gives  t h e  f i r s t  non-zero con t r ibu t ion  

i n  second o r d e r  pe r tu rba t ion  theory as 

evaluated by Choudhury i n  Eq. I (4.10). rm, t h e  impact diameter 

i s  a c h a r a c t e r i s t i c  length  dependent upon t h e  impact radius of  

t h e  Alka l i  ion  and t h e  F.A. and t h e  p o l a r i z a b i l i t y  * 

Fermi's method gives t h i s  s h i f t  by averaging over t h e  p o l a r i z a b l e  

F . A . ' s  as 

2 

I n  Sec. XV we d i scuss  t h a t  adoption of Eq. ( 2 . 5 )  would l ead  t o  

d i f f i c u l t i e s  i n  expla in ing  the  experimental  r e s u l t s .  



7 , .  

Replacing t h e  i n t e r a c t i o n  C HIC (m)  by A.Ep i n  Eq.(2.1) one 
m 

g e t s  

Now assuming t h a t  t h e  A l k a l i  core  s t a y s  i n  i t s  ground state 

def ined  by 

w e  are able t o  reduce Eq. ( 2 . 1 )  t o  

where 

I n  Eq. (2.8) w e  have brought i n  t h e  p o l a r i z a t i o n  e f f e c t  of Fermi 

due t o  t h e  ion ized  Alka l i  core. There is a similar c o n t r i b u t i o n  

due t o  t h e  negat ive charge of t h e  valence e l e c t r o n  and w i l l  be 

brought i n  a t  a l a te r  stage. I n  cons ider ing  t h e  i n t e r a c t i o n  af 

t h e  valence e l e c t r o n  w i t h  t h e  F.A.'s it i s  necessary to cons ider  

the p o s s i b i l i t i e s  of pene t r a t ion  of F.A.'s charge cloud. 

the Hydrogenic Hamiltonian and f o r  o r b i t s  of l a r g e  quantum n 

€8, is 

equal  t o  20 t o  30 t h e  electron k i n e t i c  energy varies from 

0.034 t o  0.015 e l e c t r o n  v o l t s .  A t  o rd inary  temperatures t h e  elw- 

I1 11 

t r o n  speed i s  much greater t h a n  the  speed of t h e  F.A.'s and it is 

p o s s i b l e  t o  consider  t he  F.A.'s f ixed  i n  pos i t i on .  One may then  

v i s u a l i z e  t h e  valence e l e c t r o n  of a l o w  k i n e t i c  energy scat ter ing 

f r o m  t h e  F.A,'s more Or less uniformly d i s t r i b u t e d  i n  the medium, 
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Keeping t h i s  s c a t t e r i n g  e f f e c t  i n  mind and t h e  f a c t  t h a t  t h e  

f i r s t  e x c i t e d  state of F.A.'s i s  s e v e r a l  e l e c t r o n  v o l t s  above 

t h e  ground s ta te ,  we reduce Eq. (2.8) i n  t h e  following fash ion ,  

Define a p ro jec t ion  opera tor  P ,  which p r o j e c t s  onto t h e  ground 

s t a t e  of a l l  F.A.'s a s  

wi th  
N +  3 

where "R r ep resen t s  the product ll and \ y o > =  
m-l F l  

With Q = 1-P, Eq. ( 2 . 8 )  t h a t  is, 
. 3  can' be w r i t t e n  as L 

~~~@~ zs &3( 

S u b s t i t u t i n g  t h e  e x p l i c i t  form of P and Q Eq. (2.10) appears as 

+ +  3. 
where i n t e g r a t i o n s  over repeated v a r i a b l e s  r ' #  r", R' 

implied.  Using t h e  form of Eq. ( 2 , 8 )  and performing a f e w  i n t eg ra -  

t i o n s  over 6 -  func t ions  one g e t s  



Y 

( 2 . 1  

Sum over  v t  v '  means a sum over complete set  of states of t h e  

Hamiltonian c H (m) . More c l e a r l y  t h e  mat r ix  element m F  

In Eq. (2.13) lx@g) means t h e  ground s t a t e  of a s i n g l e  F.A. 
, 
I 



PO 

By t h e  p a r t i c u l a r  d e f i n i t i o n  of t h e ' p r o j e c t i o n  ope ra to r  P d t  

has been poss ib l e  t o  keep Hv and C T(m)  i n  t h e i r  coordinate  

space forms. 

N 

m= 1 

W e  may now drop t h e  t e r m  C T(m) from Eq. (2 .12)  
m 

The mat r ix  element<~@.)IV,,,\%@!~> gives,  a s i g n i f i c a n t  contr ibu-  

t i o n  f o r  d i s t a n c e s  l ~ ~ ~ ] < \ ~ ~ l  and a n e g l i g i b l e  one i f  

[ gm-xl > 1 
3 

because of t h e  l ead ing  t e r m  i n  t he  expansion of 
. -  

4 

(m) for  }**--%I > 17; [ as given by I(2.13). The l a s t  H s V  

t e r m  i n  Eq.(2.14) inc ludes  t h e  i n t e r a c t i o n  of t h e  ground state of 

t h e  F.A,'s with exc i t ed  s t a t e s  and of e x c i t e d  w i t h  e x c i t e d  states. 

The mat r ix  elements of t h e  form <Y@-lI v,\y&?> where y9&%4 
w i l l  be neglected.  

t h e  second order i n  pe r tu rba t ion  theory.  

T h i s  amounts t o  inc luding  e f f e c t s  only upto 
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matrix in tha lart % e m  ia, 

t e r m  s i m p l i f i e s  t o  t h e  form 

If i n  Eq. (2.14) t h e  l a s t  two terms w e r e  treated as per tu rba t ion ,  

t h e  Hamiltonian Hv quant izes  t h e  energy as 

m=l 
For t h e  e l e c t r o n  i n  a p a r t i c u l a r  quantum state "n" one would re- 

N 
p lace  E - H v ( r )  i n  t h e  denominator by C E,, (m)  i n  Eg. (2.15) t o  ge t  

m = l  0 1 

t h e  exact form of the second order pe r tu rba t ion  formula. T h i s  

is  e s s e n t i a l l y  t he  idea of t h e  adiabatic approximation i n  scatter- 

ing? 

N F.A.'s, t h e  above approximation impl i e s  t h a t  t h e  e l e c t r o n  does 

Considering the s c a t t e r i n g  o f  t h e  valence e l e c t r o n  from the 

no t  change i t s  s ta te  of energy during t h e  c o l l i s i o n s e 4  I n  t h e  

mat r ix  e lement<xe ' )  I v,,l ".@g> 
i n  pa ren thes i s  i s  our  no ta t ion  for t h e  ground s ta te  of m*th F.A., 

@ ) I  y >  involues t h e  while i n  Eq,(2.12), <yet 2; H x v  
product  states of N F.A.'s. The i n t e r a c t i o n  term C H 

t h a t  i n  the  mat r ix  element <ye\ 2 H,,, I & )  
t he  ground state of N F.A.'s i s  connected to an excited product 

s ta te ,  when only one of t h e  F.A.*s i s  exc i ted .  

i n  Eq.(2.15), v o  w i t h  m' 

w 
m =  I 

i s  such w (m) 
m = l  

hs c..,, 
h e  I 



T h e  numerator of Eq. (2 .15)  c l e a r l y  reflects t h i s .  Therefore 

i n  the denominator the sum C Ev (m) impl ies  t h a t  only one of th 

terms i s  n o t  equal  t o  E a W e  must w r i t e  C E 

N 

m = l  

(SI 
4- EV I 

M (m) (El) 

v O  ml 

where s can take any value between 1 and N and i n  p 

i n  Eq. ( 2  e 15)  , which becomes 

-% -h -3 
neg lec t ing  terms of order  Ir-Rm,! 

of Vmt. Eq. (2.14) t akes  t he  fbrm 

and higher  in the expansion 

The above equat ion c l o s e l y  resembles t h e  equat ion considered by 

M i t t l e m a n  t o  dkrive t h e  Fermi s h i f t ,  I n  Eq,(2.17) the  short ran 5 

i n t e r a c t i o n  of t h e  electron w i t h  the  F.A.’s i s  e x p l i c i t ,  while in 

Wittl-eman’s work t h i s  t e r m  is  at best implicit  through h i s  use of 
the  modified e f fec t ive- range  formula of Spruch, O’Malley and 

6 Rosenberg . 
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Spruch and c o l l a b o r a t o r s ,  i n  a series of papers,  6 ,7  h a w  made 

it t r anspa ren t  t h a t  i n  low energy e l ec t ron -neu t r a l  atom soatter- 

ing ,  t h e  short range and t h e  long range p o l a r i z a t i o n  p o t e n t i a l s  

are equa l ly  important.  The p o l a r i z a t i o n  p o t e n t i a l  i s  xesgonsible  

for a s i g n i f i c a n t  con t r ibu t ion  t o  t h e  s c a t t e r i n g  while without 

the e f f e c t i v e l y  r epu l s ive  short range p o t e n t i a l  t h e  s c a t t e r i n g  

l e n g t h  would be negat ive  for  a l l  rare gases ,  i nc lud ing  He and Ne, 

cases where w e  know it should be positive. Looking at t h e  

approach of I, one f i n d s  t h a t  i n  I(3.15) t h e  p o l a r i z a t i o n  con- 

t r i b u t i o n s  have been ignored i n  t h e  s c a t t e r i n g  equat ion,  but re- 

appear i n  t h e  second o rde r  energy s h i f t  term i n  1(4.12)# where 

erroneous approximations have h e n  made. The c o r r e c t  .approach 

is t h e  r e s u l t  i n  our  Eq. (2 .16 ) .  Ref. I does not  seem to realize 

tha t  the medium e x c i t e d  states w i t h  only a s i n g l e  excited F.A. 

L 

are connected t o  t h e  medium ground state through t h e  pdsrtuxbation 

p o t e n t i a l . ?  To,evaluate  the  Fe'rmi sh i f t ,Eq .  (2.17)  has  to be 

averaged over t h e  p o s i t i o n s  of  t h e  F.A.'s and i n  t h e  fol lowing 

s e c t i o n  w e  fol low Fermi's method a s  developed by Mittleman. 
5 
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111. Fermi S h i f t  

W e  begin by w r i t i n g  Eq. (2 .17)  i n  t h e  form 

Within t h e  sphere of  i n f luence  of one o f  t h e  F.A.'S, Say the ath 

.one, it i s  expedient t o  d e f i n e  a c a s r d i n a t e  q, = r-Rm 3; q. 

Eq.(3.1) f o r  t h i s  region appeaxs as 

+ + +  4 

L. 

(c3* 3) 

has been replaced by i t s  con t r ibu t ion  AEp as c a l c u l a t e d  in Eq. 

( 2 . 6 )  t ak ing  N - 1  - 'L N f o r  l a r g e  N. Thus f o r  t h e  valence electron 

wi th in  t h e  sphere of in f luence  of t h e  mth F.A. w e  can write t h e  

Eq.(3.3) as 

-+ 3 

where f o r  

and it i s  p o s s i b l e  t o  t r ea t  Eq.(3.4) as t h e  equat ion describing 

the  s c a t t e r i n g  of  a p a r t i c l e  of energy p (9) from a c e n t r a l l y  

symmetric p o t e n t i a l .  

<< lsl, p 2 ( q )  i s  a slowly varying func t ion  of q 

2 
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The e l e c t r o n  i n  t h e  high quantum nupber o r b i t s  possesses  a 

very l o w  k i n e t i c  energy and thus  only t h e  s-wave p r o j e c t i o n  

of Eq.(3.4) need be considered. Eq.(3.4) i s  s i m i l a r  t o  t h e  

equat ion (5)  of Mittleman: bu t  with t h e  d i f f e rence  t h a t  Wm is  

more accu ra t e ly  given by our Eq. (3.2) which a l s o  happens t o  

be t h e  form employed by O'Malley, Spruch and Rosenberg i n  a 6 

series of papers t o  expound t h e  e f f e c t i v e  range formula for 

e l ec t ron -neu t r a l  atom s c a t t e r i n g .  

The r a d i a l  p a r t  of  t h e  s-wave p ro jec t ed  s o l u t i o n  of Eq.(3.4) 

will be w r i t t e n  as 

a f t e r  Ref. 

while <F> is t h e  volume averaged part  of  t h e  wave funct ion.  

5 . ro is t h e  l i m i t  of in f luence  of a s i n g l e  F.A., 

Using t h e  long range p a r t  of Eq.(3.2) a volume average is per- 

formed on Eq. (3.1) with the r e s u l t  

Rydberg u n i t s  have been adopted i n  t h e  above equation. Fur ther  

seduct ion  of Eq. (3.7) i s  achieved by assuming an appropr i a t e  form 
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where 

Making expansions appropr ia te  t o  s-wave s c a t t e r i n g  t h a t  i s  

assuming tan6 <pro< 1 and r e t a i n i n g  terms t o  t h e  lowest o rde r  

one' g e t s  

I f  t h e  zero energy l i m i t  of t h e  q u a n d t y  (= -A, where A 

i s  t h e  s c a t t e r i n g  length)  i s  s u b s t i t u t e d  in,Eq.(3.10) me gets 

t h e  Fermi r e s u l t ,  t h a t  t h e  s h f f t  i n  t h e  energy level of quantum 

P 

(3.13) 

i s  t h e  dens i ty  of F.A.'s. As t h e  o b j e c t i v e  is to Bring  e, where 

i n  t h e  dependence of t h e  s h i f t  on t h e  e l e c t r o n  k i n e t i c  energyI 

' one may l o g i c a l l y  in t roduce  an expansion for t h e  q u a n t i t y  tan6/p. 

The choice is  t h e  e f f e c t i v e  range expansion f o r  e l ec t ron -neu t r a l  

atom s c a t t e r i n g  exhaus t ive ly  discussed by O'Malley, Sprlmch and 
6 Rosenberg, 

I n  t h e  d e r i v a t i o n  of t h e  formula no s p e c i f i c  form o f  t h e  r epu l s ive  

s h o r t  range p a r t  of v i s  assumed. The long range p a r t  (-4~/%4) 

is  s t r i c t l y  t r u e  f o r  d i s t a n c e s  g r e a t e r  than  t h e  o rde r  of t h e  s i z e  

of t h e  atom, but i n  t h e  d e r i v a t i o n  of formula (3.12) the v a l i d i t y  

m 



of t h i s  p o t e n t i a l  i s  extended t o  t h e  o r i g i n  i n  o r d e r  t o  eva lua te  

the  value of t h e  Wronskian a t  o r i g i n  between the  s c a t t e r i n g  

s o l u t i o n  a t  zero and f i n i t e  energ ies .  These two i n t u i t i v e l y  

phys ica l  assumptions lead t o  an acceptable  form of expansion 

i n  Eq. ( 3 . 1 2 )  w i t h  A and D as parameters t o  be determined from 

experiments.  

Given the  expansion ( 3 . 1 2 )  and assumhg p as a cons tan t  

fuhc t ion  Fermi's r e s u l t  f o r  the energy s h i f t  of the nth  quantum 

l e v e l  i s  modified as 
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IV. Resul ts  and Discussion 

The formula (3.13) i s  d i f f e r e n t  f r o m  Mitt leman's r e s u l t  

i n  t he  sense t h a t  w e  have treated tan&/p  as a cons tan t  per turba-  

t i o n  on the hydrogenic p o t e n t i a l  of Eq.(3.10) lead ing  t o  a more 

convenient f o r m  for t h e  a n a l y s i s  of experimental  da ta .  I n  

numerical  c a l c u l a t i o n s  we  would i d e n t i f y  p2 a s  t h e  average k i n e t i c  

energy of t h e  valence e l e c t r o n  i n  the  nth.quantum o r b i t  of  t he  

hydrogen atom. This i d e n t i f i c a t i o n  i s  s t r i c t l y  j u s t i f i a b l e  fo r  

r e l a t i v e  d i s t ances  "q" beyond t h e  range of the  p o t e n t i a l  Vm of 

any one F.A. 
9 

I f  one s t u d i e s  t h e  experimental  curves of AEn vs: n for 

a p a r t i c u l a r  temperature and p res su re  ( f ixe$ dens i ty  of t h e  fo re ign  

gas) one n o t i c e s  t h a t  AEn becomes p r a c t i c a l l y  cons t an t  for  n ba- 

yond about 20. Experimental p o i n t s  are given for n upto 30 .  

Ch'en and Takeo have p l o t t e d , t h e  experimental ly  constant s h i f t  

BE ( f o r  n * 30,as t h e  l i m i t  of t h e  series) a g a i n s t  r e l a t i v e  

density'' f o r  H e ,  M e  and A among others i n  Fig. 8 of Ref .  10 and 

the value of t h e  energy s h i f t  ( i n  crn-l/r.d.) f o r  He, M e  and A is 

given by +5.9, +0.2 and -9.7, r e spec t ive ly .  I t  is impor 

note t ha t  these s h i f t s  a r e  independent of  t h e  absorbing a l k a l i  

metal employed. To make meaningful comparisons with okher theories 

we would eva lua te  A,  t h e  s c a t t e r i n g  length ,  using t h e  formula 

(3.13) w i t h  AE given by Eq.(2.6) and more recent values  of  d i p o l e  P - 

' p o l a r i z a b i l i t y 1 2  4 F' 



19 

The r e s u l t  of Eq. (2 .5)  der ived  by Choudhury makes AE 

upon the type of a l k a l i  metal employed through rmt t h e  impact 

diameter. T h i s  would i n  t u r n  make A, t he  electron-F.A. s c a t t e r i n g  

length  vary w i t h  var ious a lka l i  metals c o n t r a d i c t i n g  t h e  theoretical  

assumptions. The r e s u l t s  of o u r  c a l c u l a t i o n s  are summarized i n  

Table I. I n  the  fou r th  column w e  have t abu la t ed  t h e  values  of 

A by ignor ing  t h e  log term i n  the  formula of Eq. (3.13) 

similar t o  t h e  c a l c u l a t i o n a l  approach of R e f .  7. For Krypton and 

Xenon w e  have used AE - AEp ( = A v a )  values  cited i n  Ref. 10 .  

see t h e  e f f e c t  of t he  log t e r m  on A w e  have given t h e  f a c t o r  needed 

as a d i v i s o r  i n  the  l a s t  column of T a b l e  I. The e f f e c t  i s  to  

inc rease  the  magnitude of A i n  a l l  cases inc reas ing  t h e  d i f f e r e n c e  

between s c a t t e r i n g  lengths  p red ic t ed  by t h e  pressure  s h i f t  method 

depend P 

This i s  

To 

and by a l l  o t h e r  experimental  and t h e o r e t i c a l  approaches l i s t e d  

i n  Tables 8.8 md 8.9 of R e f .  13. 

I n  conclusion w e  would l i k e  t o  remark t h a t  it appears d i f f i -  

c u l t  t o  p r e d i c t  t h e  l o w  energy s t r u c t u r e  of s c a t t e r i n g  cross 

s e c t i o n s  i n  d e t a i l  from pressure  shift experiments. ‘For high 

quanttlm numbers R between 20 and 30, where Fermi theory i s  valid,  

the  valence e l e c t r o n  energy v a r i e s  between 0.034 and 0.015 e. v o l t s  

and cross s e c t i o n s  can be obtained over t h i s  range, bu t  it does no t  

seem poss ib l e  t o  observe t h e  Ramsauer e f f e c t ,  which takes  p&ace 

€or e l e c t r o n  ene rg ie s  between 0 .5  and 1 e. v o l t s .  The conclusions 

reached by I are e n t i r e l y  due t o  erroneous t h e o r e t i c a l  approximationf 

and a lack  of understanding of l o w  energy e l ec t ron -neu t r a l  atom 

s c a t t e r i n g -  
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